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1. Introduction

In last RAN4 #79 meeting, cell identification performance for NB-IoT was discussed and there remain some issues. A wayforward on NB-IoT cell identification [1] was agreed to encourage interested companies to provide more simulation results for specifying final cell identification time in DRX mode.
In this contribution, we provide simulation results for DRX and discussion on corresponding requirements. After discussion, conclusions are also presented.
2. Discussion

In RAN4#79 meeting, the RRC_IDLE state requirements for NB-IoT in TS 36.133 have been agreed in [2]. However, some issues remain to be discussed and the cell identification latency need to be specified when DRX is used. In RAN4, it was agreed that two coverage levels are considered for all RRM requirements, i.e. normal coverage and enhanced coverage, respectively. The corresponding SINR levels were also agreed as -6dB for normal coverage and -15dB for enhanced coverage. Thus we focus on these two SNR level in following discussion.
Based on the simulation assumption provided in [1], we provide simulation results under both AWGN and fading channels. Detection time for NPSS and NSSS highly depends on simulation assumptions, e.g. detection rate, false detection rate, channel mode and etc. High false alarm threshold can improve the detection successful rate and reduce the Terror (i.e. time difference between ideal subframe boundary and estimated boundary). But the drawback is UE may need more time to combine the correlation results. Thus it is a trade-off between detection time and successful detection rate. Note that 240 kHz sampling rate is assumed. Thus 1 chip period shall be 1/240kHz = 4.17us, which is almost but less than the length of normal CP. So we believe that if the Terror of NPSS is less than 1 symbol, than the NSSS can be stably detected. Therefore, in our simulation we adjust the false alarm threshold to make sure that Terror of NPSS is less than 1 chip.

Table 1: 90th-tile of NB-PSS and NB-SSS detection latency (number of instances)
	Deployment mode
	Normal coverage (SNR= -6 dB)
	Enhanced coverage (SNR= -15 dB)

	
	90th-tile PSS detection latency
	90th-tile SSS detection latency
	Total detection latency
	90th-tile PSS detection latency
	90th-tile SSS detection latency
	Total detection latency

	Stand-alone
	AWGN
	6
	3
	9
	227
	17
	244

	
	EPA1
	10
	3
	13
	264
	15
	274

	
	ETU1
	9
	3
	12
	233
	17
	240

	In-band
	AWGN
	9
	4
	13
	355
	21
	376

	
	EPA1
	13
	3
	16
	397
	20
	417

	
	ETU1
	11
	3
	14
	366
	22
	388


In DRX mode, the cell identification latency is proposed to be calculated based on the number of NPSS/NSSS instances. The numbers of instances corresponding to the 90th percentile for NPSS and NSSS detection time are summarized in Table 1. The total cell detection latency derived by calculating the sum of the number of NPSS/NSSS instances is also shown in Table 1. It can be observed that the total NPSS/NSSS instances number of NB-IoT cell detection time (time to successfully detect NPSS and NSSS, L1 measurement period is not included) are no more than 16 and 417 for normal coverage and enhanced coverage respectively. 
In last RAN4 meeting, several companies also provided the simulation results for NB-IoT cell identification. Based on these simulation results and the method in [1] to derive the cell detection delay in DRX mode, the numbers of NPSS/NSSS instances per DRX cycle are list in Table 2.
Table 2: cell detection time in DRX (number of instances)
	Enhanced coverage (-15dB ≤ SINR < -6dB)

	DRX cycle length (s)
	Tdetect[s] (Number of DRX cycles)

	
	Nokia

[R4-164550]
	Ericsson

[R4-164150]
	Huawei

	1.28
	[532](415)
	[58.88](46)
	[537.6](420)

	2.56
	[532.48](208)
	[58.88](23)
	[537.6](210)

	5.12
	[1064.96](208)
	[117.76](23)
	[1075.2]( 210)

	10.24
	[1064.96](104)
	[122.88](12)
	[1075.2](105)

	Normal coverage (SINR ≥ -6dB)

	DRX cycle length (s)
	Tdetect[s] (Number of DRX cycles)

	
	Nokia
	Ericsson
	Huawei

	1.28
	[51.2](40)]
	[10.24](8)
	[20.48](16)

	2.56
	[51.2](20)]
	[10.24](4)
	[20.48](8)

	5.12
	[102.4](20)]
	[20.48](4)
	[40.96](8)

	10.24
	[102.4](10)]
	[20.48](2)
	[40.96](4)


Considering the worst simulation results, the following is proposed:

Proposal 1: In DRX mode, the total cell detection time for NPSS and NSSS is suggested as following.

	Enhanced coverage (-15dB ≤ SINR < -6dB)

	DRX cycle length (s)
	Tdetect[s] (Number of DRX cycles)

	1.28
	[537.6](420)

	2.56
	[537.6](210)

	5.12
	[1075.2]( 210)

	10.24
	[1075.2](105)

	Normal coverage (SINR ≥ -6dB)

	DRX cycle length (s)
	Tdetect[s] (Number of DRX cycles)

	1.28
	[51.2](40)]


	2.56
	[51.2](20)]

	5.12
	[102.4](20)]

	10.24
	[102.4](10)]


3. Conclusions

In this contribution, we provide simulation results and discussion on cell search performance for NB-IoT in DRX mode. After discussion, the following conclusion is provided:
Proposal 1: In DRX mode, the total cell detection time for NPSS and NSSS is suggested as following.
	Enhanced coverage (-15dB ≤ SINR < -6dB)

	DRX cycle length (s)
	Tdetect[s] (Number of DRX cycles)

	1.28
	[537.6](420)

	2.56
	[537.6](210)

	5.12
	[1075.2]( 210)

	10.24
	[1075.2](105)

	Normal coverage (SINR ≥ -6dB)

	DRX cycle length (s)
	Tdetect[s] (Number of DRX cycles)

	1.28
	[51.2](40)]

	2.56
	[51.2](20)]

	5.12
	[102.4](20)]

	10.24
	[102.4](10)]
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5. Annex

In this section, simulation assumptions are informatively provided.
[image: image1.emf]Parameter  Simulation set  Comment  

Channel model  AWGN, ETU 1Hz, EPA 1Hz  Models stationary device  

System bandwidth  180kHz (1 PRB)   

Antenna  configuration  In - band   Guard - band  2TX, 1RX  Puncturing of NB - PSS and NB - SSS in in - band operation when colliding   with 2TX  CRS pattern  

Stand - alone  1TX, 1RX   

Power  boosting for  NB - IoT  In - band   Guard - band  0 dB, 6 dB  NB - IoT is transmitted at 0dB or 6dB  higher power than the MBB LTE cell to  which it is associated.  

Stand - alone  N/A   

Cyclic prefix configuration   Normal   CP  CP lengths 1 0   and 9 samples for first and  following symbols in a slot, respectively,  at 1.92MS/s.  

Number of subcarriers for  NB - PSS  11   

Number of subcarriers for  NB - SSS  12   

NB - IoT load condition  Fully loaded, modelled by OCNG  OFDM symbols 3 - 13.  

LTE  cell load  condition  In - band  Fully loaded, modelled by OCNG  OFDM symbols 0 - 2. (Control region)  

Guard - band   Stand - alone  N/A   

Interference  AWGN   

Frequency error  ±18 kHz  Models wake - up after eDRX inactivity  

SNR range  - 20 to 10 dB  Cover extreme coverage  enhancement and  up to fair coverage scenarios  

NB - PSS periodicity  Transmitted in subframe #5 every  10ms  According to RAN1  

NB - SSS periodicities  Transmitted in subframe #9 every  20ms  According to RAN1  

Algorithms for cell detection  Implementation specific   
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